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.&&.. typhimurium SW629 is the same straiu with what has beeu reported 

by Seligw et al. (1945) aud by Edwards et al. (1954) as a strain which has 

poorly motile ati faintly anti-i agglutiwble phase 1, called X-phase, a& 

normal 1.2-phase 2. The present report deals with the similarity, genet#$kl 

as well as phetiotypical, of the mode of phase veriatiou iti this strain with 

that ilr ~~1061 (Iilla, 1956-i). 

IGAT33IALS AAJI METHODS. 

The culture of sw629, used iir this ewerime&, has beeir maintaiired in 

a mutrier& agar stab at room temperature. 

For the comparative stu&v, S&. typhimurium straiti TM2 (i:1.2), typical 

diphasics, d sWl061, a mo~~phasic mutant of TM2 with uou-motile phase 1 alid 

1.2-phase 2, were used. In travsductiollal al&ysis, Sal. heidelber& SW1092 

(r:l.Z), which has Pla' liked to Bl, was used as a recipielrt. 

Methods of utigen type test aud trasductiou were the same as described 

iii the previous report (Iino, 1956-i). Leifso;Ll's method (Leifsors, 1951) was 

emploied for flagellar staini%. 

MPERIL43LTAL RESULTS. 

Aptipelr reactions of W629. H-atigen rcactioLs of ~~629 were 

examilsed followed to the description by Edwards et al. (1::54). WheL the 

cultures wrre streaked on FKB-gslactose plates, scme coloties growil aggluti- 

nated with atiti-1.2 serum but Lot with a&i-i serum, aid the others aggluti- 

rrated neither anti-i kor atiti-1.2 serum (X-ColQtiies of Selipati et al. 1945). 



Microscopical observation of hangi= drppe and flagellar stains showed that 
twti- 

the cells of,,l.Zaagglutineble colonv are mostly motile ati flagellated, 

whereas X-phase cells are mostly non-motile and uon-flagellated. When two 

types of colonies were respreaded ou petri dishes with WA media, anti-l.2 

agglutinable colonies formed swarms with few comparrt colonies, while X- 

phase colonies formed compact colonies mixed with few swarms. Manv compact 

colonies produced sectorial swarms in prolonged cultures (2 to 3 d.13~8 at 37C). 

A compact Colol;at (X-phase coloq) was isolated toAanutrient ager slat@. 

after One or two day culture at 3OC, antigen types were examiner3 by slide 

agglutination test. As controls, parallel cultures of TM2 originated from 

i-phase colony and ~~1.061 from non-motile colony were used. The TM2 culture 

agglutinated strongly with anti-i serum, but both %'62g and ~~1061 didn't. 

Tube dilution test gave the same result: amox dilution series from l/10 t0 

1/10r212 of original an&i serum, i-phase of TM.2 agglutinated with l/10 to 

1/10x210 antiserums, but SW629 a& ~~1.061 did not show H-agglutination in 

any concentrations tested. 

The slant cultures were transferred to penassay broth, streaked on 

XMB-g&Lactose plates, plated on plain or anti -1.2 MGA media, or spotted on 

anti-l.2 MGA deep tubes. The rest of the cultures were suspended in distiled 

water and used for flagellar staini=. Microscopical observation of the stained 

bacteria showed that the slant culture of ~~629 was thr mixture of flagellated 

and &n-flagellated cells. The frequency of non-flagellated cells in a sample 

was 0.58 (122 among 210). Antigen type of 20 colonies grown on the EKB- 

galactose plate was as follows; 8 among 20 agglutkated with anti-l.2 serum 
i-either 

but not with anti-i serum, and other 12 colonies agglutinated,with anti-l.2 

serum &or with anti-i serum. OZAGGA platep, 175 compact coloJ.es aLld 123 

swarms were recovered (the frequency of compact colotiies was 0.59, which 

coincid$well with the frequency of non-flagellated cells in the culture), 

whereas if'&,i-1.2 MGA platefi all of 312 colondes grown were compact: that is, 



the 
tie swarms in,plain MGA plate were 1.2 type. The anti-l.2 deep tube cultureb 

of sW629, however, produced swarm which agglutinat$distiuctly with anti-i 

serml. The culture from the swarm has maintained i:1.2 diphasic character in 

serial transfer through pelrsLssay broth. 

The observations on slant culture were repeated on three other si*le 

colony isolations of the X-phase. They all gave the same result with the 

culture described above, except,the proportion of phase 2 cells IAL cultures 

differed in diffe:,ent slants. 

Selection 08 i-shase by anti-l.2 !JIGA deep tu‘bes a repeated with 

lam= Bbi&G number of X-phase cultures. Each of 25 single colonies of X- 

phase ad the same number of single colonies of non-motile phase of %1061 was 

cultured ou a anti-l,2 MGA deep tube. 23 among 25 tubes of ~~629 produced swrms 

which agglutinate with anti-i serum, on the contrary ody 6 amoe 25 produced 

swarms in SW1061 cultures. 

prom &@$b these results, it is summarized that SW629 is the mixture 

of Fla- cells and Fla+(l.2) cells, which ititerchwe each other. The inter- 

change is parallel with phase variation in diphasic strain and Pla+(1.2) r" 

Fla- iaterchauge in Skl061. The culture also contains few Fla+(i) cells 
hwe been 

which ~~produced by reversicn of Fld cells. The frequency of Fla+(i) 

productio, in SW629 is higher than in %'l061, but uot high eilough ss can be 

recovered without mass selection by anti-l.2 %A media. 

Transductio,laJ. analyses. A factor which inactivates f1a~elLa.r 

production in phase 1 was analyzed by the same method used in trausductiollal 

analysis of the nonophasics o& SWlOYl; that is, $629 was used as dotior and 

SW1092 as recipient. and Flalo92 trausductions were sitreened from brushes on 

MGA plates. The results were summarized in Table 1. 3 i:1.2 tEes and 32 

(7):1.2 tmes were obtained among 332 31aloo2 transductions,besides r:1.2 
/ 



and (7):l.Z types ( (z):l.Z indicates a type which has Fla- phase 1 a- d 1.2 
o-nd 

phase 2 &k& reverts to produce f phase 1 ). This result is eqlained by 

i!iA assumption that tha fail of flagellar product&on in phase 1 is caused 

not by the genetic change of Hl itself but by the suppression of Hl function 

by a factor which li&(s to both Hl and FlalO92. The factor will be desig- 

nated as Flahi,2 tentatively ( and the suppressor in SW1061 as F&-l). 

In Or&er to test whether Flahl-1 and Flahl,2 are allelic or Lot, 

transductions were made between S:jlO61 a&d SW629 to both directions. The 

lysates obtained from S/629(-), SXLO~l(-) and TKZ(i) were diluted to the same 

titer, 2x109/ml. 0.25 ml of each lysate was mixed with 0.25 ml of penassay 

broth culture of SW626(-) or SWlO61(-) (density of the cells was 109/ml), 

and brushed on anti-l.2 MGA plates. The intinber of swarms recovered was 

listed ia Table 2. A&igen type of the swarms, sampled 20 clones from each 

ccmoinatioas, were tested after isolating to FNB-plates. They were all i. 

In combinations in which SW629 is the recipient, 48 swarms were recovered 

when SW629 gthe donor. These swarms may be appeared not by transductioti 

but by reversiou. The mber of swarms iucreas$when S:,QO61 gused as doiror, 
W&f- 

and became highest when TMZ(i) ke donor.. When SW1061 tithe recipient, 

none of the swarms were recovered from self-transductioa, whereas 28 swarms 

appeared in Srq629 -x, and more than huildred in Thl2-x. These results inQ.cate 

that Flgnnl,1 and Flahl,2 are irot allelic but liked closely. The production 

of trails were observed only when TM2 is donor. The significatice of this 

phenomenon will be discussed late??. 

Stability of Fla+;,l and PIah+ ,. As the result of i-phase -ti 

screeni% by anti-l.2 MGA stabs has indicated, S;1629(-) reverdmore freauently 

to 1:l.Z type than SWl061. The difference of the frequency was also observed 

betweem -:1.2 clones obtaitied from S:%Z9 --I SWlO9Z and SW1061 -x 9~1092. 



Iu Sy628 -x srSlOY2, 30 among 32 $:1.2 transductioiidl clones produced phase 1 

swarms in the first selection, and the other tc\wo produced in the second 

select ion; whereas - :I. 2 from .%‘1063. produced 0J.y two reversions among five 

repeated selections of five -:1.2 clones. Consequently, tne difference in 

the freque;kcy of reversion between SW629 and SW1061 & attributed to the 

different reversibility of Flail-1 and Flab:,2 . 

DISCUSSIOIU. 

Phase vzriatioir of Sal. tyohimkrium SW629 is performed between Fla-- 

phase 1 and 1.2-phase 2. The strak also produces 1:l.Z diphasic type by 

revexsion. Theso behaviors coincide well with the descri:>tiod by Seligmann et. 

al. (1945) and Edwards et al. (1954) except one point that the difikite 

i reaction could not be observed OA uutrieti agar slant cultures in this 

experiment. The discrepancy on the reaction of agar slant culture may be 

explained by either one of following two reasons. The first is the difference 

of med~ia used; the composition of the nutrisnt ag;z slant used YI.U this experimeilt 

may differ from what has been used by Edwards et al., and could not sup;jort 

flagellar prodtiction in phase 1 of SW629. The second explanation is based 

on the high frequency of reversion of ZN629; Sk?629 reverts frequently to 1:l.Z 

diphasic type, atid mass cultures usually contain some proportion of i type 

cells. The culture reported by Edwards et al. may be the culture which has 

contained high ,oroporti& of i type cells. 
-that . 

Transductional analysis showed,SW62? has potentially active H: but 

its function is suppressed by a factor, Flail-2. The mode of suppression by 

Flahl,2 is quite similar with that of Flailml in ~~1061. In both cases, 

suppression is on Hl fuiztion but not on H2. In both cases, the factor likes 

to 31 and Flaloy2. The factors, however, are not allelic aud. also differ in 



their frequexy of reversion. 

The trausductiolrs ~629$m06i oti atiti MGA media are the first 
-1.2? 

examples in which swarms were obtaiised but trails were irotLfron tr=sductioas 

between Fla- strains. The ewlauation of the meck&sm of trail phenometi iii 

Fla-transductions still allows several alterrntives (Lederberg: lY5h), 

However, it is the least, comm01; 8ssumDtioti that the first step of the trail 

productioti is the expressic,, of the phuotype (flagellar prcductiou) before 

perfect orgakizatiou of $'la factor into the chromosome of the recipieilt takes 

place. Based On this assuJnption, together with the fact that FlahlB1 ai;ci Flahl,2 

lik closls each other, the failure of the teai production is most plausibly 

eqlaiked that $$!tp FI-ahl,: or Flahl,2 call tit e-press their fuuctiou unless _ 

they are arrayed in a chromosome together; that is, they have cis-trai;s 

position effect each other. 

SUMMARY. 

1). Sal. typhinurium X6.29 hug&its phase betweelr Fla- (phase 1) atid 1.2 

(phase 2) iw. the media tested. 

2). The factor (Fla&,2 ) which supresses the productiou of flagella ih phase 1 

liuk#s to H1 aud FlaloSi2, but irot identical with the El suppressor (Fla&-1) 

ill ~~1061. Flahlml aud Flahl,2 alsc li& closly each other, ati may 

belox to a cistrou, but have differeut frequeticy of reversibility. 
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Table 1. 

TraLlsductioil, S462y (-:1.2) -x SW1092 @ la-, 6:1.2) 

FlalOy2 were used as selective marker. 

Experimental UO. 12 3 4 5.6 Total 

(r):1.2 35 2 33 50 12 13 145 
Antigen r :(1.2) 29 40 13 3 49 27 161 

type (i):1.2 0 0 10 0 1 2 
trausdu$ioas i :(1.2) 0 0 0 0 0 lb 0 0 1 0 1 1 

[I!?;::.: T:. 1117 9 0 2 3: 

Total 75 43 45 62 62 WC 3% 

Table 2. 

idumber of swarms alld trails produced from tratisductious 

amos;lg TN?, SW629 ar;Ld %?1061. Swarms were screehed 0~ 

ati-1.2 MGA plates. 

Domr TM2 sv629 s!,no61 ~~629 sv?1061 

Recipietit SW629 ~629 SW629 smo61 SYI.O 61. S%lO61 

a0 . of swarm 218 68 182 114 28 0 
over 

~$0. of trail 300 0 over 0 500 0 0 


